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Introduction
Vertebral artery dissecting aneurysm (VADA) is a wellknown cause of subarachnoid haemorrhage (SAH). Ruptured unilateral VADA is usually treated using non-reconstructive approaches such as trapping or proximal occlusion of the vertebral artery. However, the ideal treatment strategy for bilateral VADA presenting with SAH is controversial because the contralateral unruptured vertebral artery is already dissected and may undergo enlargement or bleeding after trapping or proximal occlusion of the ruptured side. [1] [2] [3] [4] Thus, a different strategy is necessary for bilateral VADA presenting with SAH. Here, we report a case of bilateral VADA presenting with SAH treated with stent-assisted coiling for the ruptured side. We also reviewed cases involving endovascular treatment of bilateral VADA presenting with SAH.
Case report
A 42-year-old man was admitted to our hospital with a sudden headache in June 2013. Computed tomography (CT) revealed a high-density region in the basal cistern and posterior fossa with laterality for the right side (Fisher group 3) (Figure 1(a) ). Three-dimensional CT and three-dimensional rotational angiography demonstrated a bilateral round protrusion on the vertebral artery (VA) with a diameter of 5 mm just distal to the posterior inferior cerebellar artery (PICA) (Figure 1(b) and (c)). Vertebral angiography showed dilated and stenotic lesions on both VAs, and pooling of the contrast agent medium was detected for the right side only. The diagnosis was bilateral VADA and the right VA was thought to be ruptured according to the CT and angiography findings (WFNS grade 1). The patient underwent endovascular treatment for the right side under general anaesthesia. Before the procedure, aspirin 200 mg and clopidogrel 300 mg were administered.
After a 6-Fr long sheath was set in the right femoral artery, heparin was administered (activating clotting time, over 250 s). A 6-Fr Envoy guiding catheter (Cordis Neurovascular, Miami, Florida, USA) was navigated into the right VA. A 4.0 Â 10 mm Hyperglide balloon catheter (eV3 Neurovascular, Irvine, CA, USA) was prepared for the rupture. A Prowler Select Plus microcatheter (Cordis Neurovascular) and 0.014 in CHIKAI microguidewire (Asahi Intecc, Nagoya, Aichi, Japan) were navigated to the basilar artery. An Excelsior SL-10 microcatheter (Stryker, Kalamazoo, MI, USA) and 0.010 in CHIKAI microguidewire (Asahi Intecc) were navigated into the aneurysm. After a 4.5 Â 28 mm Enterprise vascular reconstruction device (Cordis Neurovascular) was placed across the neck of the VADA, coiling was performed with Orbit Galaxy (Cordis Neurovascular) and Target coil (Stryker). The aneurysm was well embolised, and the right VA was preserved (Figure 2 (a) and (b)). The contralateral VA did not show any changes after the procedure (Figure 3 (a)), and there were no complications after the procedure.
A magnetic resonance imaging examination showed no ischaemic changes. Follow-up angiography at 7 days and 12 months after endovascular treatment showed no recanalisation (Figure 2 
Literature review
In addition to presenting the findings in our case, we performed a literature search using the Ovid gateway of the MEDLINE database. The following keywords were queried singly or in combination: SAH, dissecting aneurysm, vertebral artery, bilateral. We extracted information about the patients' age, sex, treatment of the ruptured side, involvement of PICA for the ruptured side, treatment and course of the contralateral side, identification of the bleeding side, and outcome. We found 19 cases involving endovascular treatment for bilateral VADA presenting with SAH (Table 1) . [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 
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The Neuroradiology Journal 29(6) The mean age of the patients was 47.6 years (range 40-65 years). Non-reconstructive treatment for the ruptured side was selected in 11 cases (four cases, proximal occlusion; seven cases, trapping). Six out of the seven cases in which trapping was performed did not involve the PICA. On the other hand, two out of the four cases in which proximal occlusion was performed involved the PICA. Reconstructive treatment was selected in nine cases (four cases, multiple stents; three cases, single stent and coiling; two cases, multiple stents and coiling). All cases of single stent and coiling did not involve the PICA. On the other hand, four of the six cases involving multiple stents or multiple stents and coiling also involved the PICA. With regard to the treatment for the unruptured side, conservative therapy was selected for nine cases and reconstructive therapy was selected for 11 cases (seven cases, multiple stents; two cases, single stent; two cases, single stent and coiling). Among cases of conservative therapy, three out of nine cases had some event (two cases, bleeding; one case, enlargement) and all cases involved non-reconstructive treatment for the ruptured 
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The Neuroradiology Journal 29 (6) side. All cases in which reconstructive treatment was performed for the ruptured side showed uneventful findings for the contralateral unruptured side. Identification of the bleeding side was achieved in 11 cases. Five out of these 11 cases were detected by both CT and angiography. Five cases were detected by CT only or angiography only. One case was detected by computational fluid dynamics (CFD). The outcomes were mentioned in 19 cases, and two of these patients died because of bleeding. In both these cases, nonreconstructive treatment was performed for the ruptured side and a rupture occurred in the conservative contralateral unruptured side. The other cases showed good recovery.
Discussion
VADA presenting with SAH has been reported to occur in approximately 3% of all cases of SAH. As VADA presenting with SAH has been known to cause a high rate of rebreeding, prompt nonreconstructive treatment procedures such as proximal occlusion or trapping (direct surgical or endovascular) are advocated to prevent rebreeding. 13, 18 As direct surgical treatment is associated with a high risk of VADA, endovascular non-reconstructive treatment is the standard procedure. However, if the contralateral vertebral artery shows hypoplasia or occlusion, or if the VADA itself is the PICA-involved type, proximal occlusion or trapping are inadequate. Furthermore, haemodynamic stress after occlusive treatment of VADA might induce contralateral VADA. 3, 19 Therefore, reconstructive treatment procedures such as multiple stents or stentassisted coiling have been reported recently to preserve ipsilateral VA flow. 12, 14, 20 Bilateral VADA has been reported in 12-30% of all VADA cases. 21 The optimal therapeutic strategy for bilateral VADA presenting with SAH is controversial because the contralateral unruptured side is already dissected. Similar to cases of unilateral VADA, nonreconstructive treatment procedures such as proximal occlusion 6, 7, 10, 11 or trapping 8, 9, 13, 15 were selected previously. However, as the haemodynamic stress to the contralateral unruptured VADA is increased after these procedures, there is a high risk of enlargement or rupture of the aneurysm compared with that in unilateral VADA. 5, 11, 14, 15 Therefore, reconstructive treatment is more important and multiple stents 10, 12 or stent-assisted coiling 14, 17 have been selected recently. In our case, stent-assisted coiling was selected and the aneurysm was well embolised after a12-month followup period (Figure 2) .
The treatment strategy for the contralateral unruptured side in cases of bilateral VADA remains uncertain. Previous reports have all suggested that the contralateral side requires non-reconstructive treatment, except in cases involving natural repair. 7, 22 Some authors reported additional treatment procedures for the contralateral unruptured side after reconstructive treatment for the ruptured side. However, reconstructive treatment can preserve the flow of ipsilateral vertebral arteries, and changes in haemodynamic stress for the contralateral side might remain at a low level. 17 Therefore, conservative therapy can be selected if the contralateral side is unruptured because VADA can show natural repair. 23 In our cases, conservative therapy was selected for the unruptured contralateral side.
Detection of the ruptured side is not easy in cases of bilateral VADA presenting with SAH. 14 The laterality of the headache or the laterality of haematoma on CT scans can facilitate detection of the ruptured side. 5, 6, 11, 15, 17 Furthermore, pooling of the contrast agent 1 and a marked pearl-and-string sign or irregular shape of the dilatation 1,2,5,7,24 on cerebral angiography and CFD image 14 can help detect the ruptured side. If the ruptured side is not clearly verified, bilateral treatment should be performed to prevent re-rupture. In our case, the laterality of SAH on CT scans and pooling of the contrast agent on cerebral angiography easily revealed the ruptured side.
Complications of stents and stent-assisted coiling are as follows: (1) in-stent stenosis and occlusion; 12, 25, 26 (2) perforator injury and PICA occlusion; 19 (3) bleeding during the procedure; 9, 27 and (4) recurrence. 19, [27] [28] [29] To prevent ischaemic adverse events, appropriate antiplatelet medication should be administered to all patients who undergo stent implantation. 12 If the PICA is involved, the use of multiple stents may be more suitable than stent-assisted coiling to prevent PICA occlusion. A guiding catheter with a balloon is appropriate for proximal flow control because bleeding may occur during coil insertion. 9, 27, 30 Close follow-up is important for cases of bilateral VADA because recurrence was reported for single stents 27 and stent-assisted coiling. 19, 27, 29 
Conclusion
The treatment strategy for bilateral VADA presenting with SAH is different from that for unilateral VADA. Bilateral VADA presenting with SAH is associated with the risk of contralateral rupture if non-reconstructive treatment procedures such as proximal occlusion or trapping are performed for the ipsilateral ruptured VADA, so reconstructive treatment is appropriate. If the ruptured side is detected and the VA of the ruptured side is preserved, a conservative approach can be selected for the unruptured side. Even in such cases, close follow-up is essential.
